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TWTOTATTQH PgYICT 

this Invention relates to en inhalation device fox 
wSniniatxatica of nedicanent in the fere of aerosolised 
solid particles or droplets of liquid or suspension, in 
particular the invention relates to such devices which 
are actuated to dispense nadicanent in response to the 
patient's inspiration. 

Asthsa and other respiratory d i seases have long been 
treated by the inhalation of appropriate Deaicanent. For 
oany years the two nost vidaly uaed and convenient 
choicss of treatfient bava bean the inhalation of 
Bcdicanent froa a dreg eolation or suspension in a 
entered dose pressurised inhaler (KM) . or inhalation of 
powdered drug generally ednixed with an exeipient. fron a 
dry powder inhalar (DPI) • 

Inhalation activatabla dispensers for use with 
aerosol containers which contain nedicaneat and are 
pressurised with liquid propellents and are equipped with 
a netaring valve throogh which a plurality of netered 
doses nay be dispensed are known, their.generel purpose 
being to afford proper co-ordination of the dispensing of 
a doso of Bsdieanent with the inhalation of the patient 
thereby allowing the ntnrlmn proportion of the dose of 
aedicasent to be drawn into the patient's bronchial 
pasaages. PcasplCS of such dispensers are described in 
British Patent Specification Boo. 1.269,554. 1,335,179, 
1,392.192 and 3,061,116 and United States Patent Bos. 
3,456.64*. 3.436,645. 3,456,646. 3.565,070, 3.599.394. 
3.814,397, 3.603,738. 3.732.864. 3.636,949. 3.789,843 and 
3.187,748 and Cernan Patent Bo. 3,040.641. 

earopsan Patent Bo. 147028 discloses an inhalation 
activatabla dispenser for use with an aerosol container 
in which a latch oechanisn releasing vane in pivotally 
counted in an air passage betveen an earosol outlet valve 
and a couthpiece, which latch n eehnMtm cannot be 
released if force to activate tbe dispenser is not 
applied before a patient inhales. 
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The dispenser generally comprises a houaing having a 
nouthpiece and an air passage therethrough terminating at 
the mouthpiece, the housing being adapted to receive an 
aerosol ~™»»«~"- and having a support block with a 
5 socket adapted to receive the a tea of the valve of the 
aerosol container and a through orifice conminl eating 
betveen the socket and the air passage, and latch Beans 
having parts novable betveen an engaged position in whieh^ 
B ovenen t of tbe n***"**" and tbe support block toward 
10 each other upon the application of a force to bias the 
container and the support block toward each other is 
prevented and a release position in which mwcuan t of the 
container and the support block toward each other in 
response to said farce Is peroitted causing the sten to 
15 novo to its inner discharge position, the leteb neans 
conpxislng a vane counted on the housing in the air 
passageway between tbe orifice and the eouthplece for 
oovenent toward tbe nouthpiece under the influence of 
inhalation through the nouthpiece to release the latch 
30 neans in which the vane coves toward the nouthpiece fron 
a blocking to a eon-blocking position with res pec t to the 
passageway in response to inhaling at the nouthpiece end 
releases the latch neans only during the application of 
said force to bias the container and support block toward 
25 each other. 

This inhalation -device has been received favourably 
by patients and doctors since it cot only overcones the 
. hand-lung co-ordination problea but it does so at a very 
low triggering flow-rate ( approximately 30 litres/ninuta) 
30 essentially silently, and with a very connect design 
barely larger than a standard inhaler. 

U.S. Patent Bo. 4.648.393 dJ a r l o eee an electrically- 
operated aatered— lose inhaler in which a eechanlcal valve 
blocking tieans is withdrawn by the action of a solenoid 
35 coving in response to the closing of a switch; the switch 
constitutes an electrceechanical breath-actuation Beans 
which responds to inhalation by the patient. WOS7/04354 
discloses a sedical dosing device for discharge of 
nedicanent for inhalation which comprises e handheld 
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. unit and storage facilities on both magnetic tape end 
disc, A 50XH* clock pulse was supplied to the ADC froo a 
high fiooueney oscillator, enabling it to saupi. flow 
rnto reading, .vary 5 nsee. The flow rate .ignal was 

5 integrated by the computer to give inhaled voluae aod 
the aerosol canister could be actuated during the course 
of inhalation by a solenoid nounted on top of the aerosol 
actuator, the lung volume for firing the aerosol being 
^ at oosirsd porcentage of vital capacity by a 
10 computer programme written in Portran. Communication was 
maintained vith the «imput«- via a Haaeltine visual 
display unit and keyboard. The automatic aerosol 
inhalation system is not portable and is confined to 
hospital use. 

15 P*™*" inhalers la which the medicament is 

introduced into the device from e capsule are disclosed 
in U.S. Patent Bos. 3,948,264, 3,971,377 and 4,147,16* 
and British Patent Ho. 1479383. Dry powder inhalers 
having e reservoir of dry powder from which unit doses 
38 are transferred to e chamber by means of e dalivery 
system, such es a rotating perforated membrane in which 
the perforations are filled with powder from toe 
reservoir, are disclosed In British Patent Application 
sos. 2103395 and 2144997 and European Patent application 
35 Bos. 69715, 79478 and 166294. 

O.S. Patent Bo. 4,735.336, European Patent 
Application Bo. 339802 and British Patent Application 
80S. 2108390, 3123903 and 2166957 disclose vapor isara in 
which active substances capable of modifying the local 
30 atmosphere e.g. insecticides, deodorants end arena t Lea 
are vaporised for dispersion to the atmosphere, the 
active substance is carried or impregnated on e belt or 
tape conriating of a suitable base material, in such a 
Btats that vaporisation can be conducted at ambient 
35 temperature or under administration of localised heating 
by o vaporieing head. Tha eubstance is maintained In an 
inactive condition until the belt peases over the 
vaporising head whereby thermal release ia achieved. 
Ins belt may be moved to the vaporising head by hand or 
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at a fired speed by a motor driving feed means through a 
reduction gear and is taken up by a shaft or spindle. In 
one embodiment the belt is contained in e cassette to 
provide e re-usable device, the cassette being engaged by 
5 drive means and having a suitable aperture for the belt 
to pass across tha vaporising head. Bone of the 
vaporisers disclosed ere suitable for delivering a 
predetermined unit dose of powder e d solid medicament to a 
patient. 

10 Our co-pending International Patent Application Ho. 

PCT/UB/90/034U discloses s dry powder inheletion device 
comprising a housing defining e chamber in c om mu n ication 
with a patient port in the form of a mouthpiece or nasal 
adaptor, and an elongate carrier bearing a powdered 

IS nedicanent, the device being constructed and arranged 
such that areas or predetermined size of the elongate 
carrier nay sequentially be exposed within the chamber, 
the device comprising one or more air inlets smeh that 
when e patient inhales through the patient port an air 

20 flow is established from the air Inlet (s) to patient port 
through the chamber such that particles of the powdered 
• medicament of respirable site from said- exposed area of 
the elongate carrier are entrained within the eir flow. 
The powder inhaler is capable of delivering 

25 multiple, uniform doses of a medicament to a patient and 
is simple to operate and does not require the patiant to 
insert capsules of medicament or rely upon a separate 
reservoir of medicament in order to load the device for 
use. Cie ocdicament is preloaded on an elongate carrier. 

30 sections ot which are passed sequentially into the 
c hamber for dispensing the medicament, the elongate 
carrier may he conveniently loaded 00 a spool (in a 
similar manner to e photographic Mo) or in e cassette 
(in e similar manner to an audio cassette) . the elongate 

15 carrier may have any ratio of length : width but is 
inferably greater than 5:1. oore preferahly greater 
than 50 : 1 and more preferably between 100 : 1 and 
1000 : 1. 
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A preferred device of this type includes means for 
releasing medicament from the carrier during «p*»*i 
triggered In response to the patient Inhaling in order to 
avoid the patient having to synchronise inhalation and 
5 actuation of the release mechanism. Airflow detection 
may conveniently be accomplished by means of a movable 
vane positioned within the chamber or patient port, 
motion of the vane causing actuation of the release 
mechanism. Such a vane nay also be constructed to 

10 prevent a patient exhaling through the device and/or 
preventing exhaled air from reaching the stored carrier 
thereby avoiding any problems associated with moisture. 

It has now been found that the use in o breath- 
actuated inhal e r of e sensor which con*i i Tiw * >, ^1 y mease 1 es 

15 the air flow rate during respiration end provides an 
electrical signal which varies continuously with flow 
rate provides significant advantages coopered to the 
inhalation detector system employed in the prior art 
Inhalers. 

30 - 

Therefore according to the present invention there 
is provided a portable ^inhalation device for 
administration of medicament In the fan of aerosolised 
fine particles or droplets of liquid or suspension to the 

25 respiratory system of a patient, the device comprising e 
housing defining e clumber In communication with a 
patient pert in the form of e mouthpiece or nasal 
adaptor, oedlcament aerosol isation means for forming an 
aerosol of nedicaoeat in tha chamber, control means to 

30 actuate the medicament eerosolisatloo means and a sensor 
which measures the air flow rate during respiration 
th r o ugh the patient port and provides an electrical 
signal to the control means which varies continuously 
with said flow rate, said electrical signal being esed by 

33 the control emans for one or more of the following 
funct i o n s? 
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(I) to calibrate the device such that tho 
medicament atrosolisation Beans Is actuated at a precise, 
pro-determined flow rota. 

(li) to monitor one ox nore of tho following 
5 paranata r oi 

(a> flow rata at different time* during 
respiration, 

(b) rata of change of flow rata during 
respiration, 

10 (c) respired volume during respiration, and 

activata tho medicament acrOSoUaation aoana when a pre- 
determined inspiration parameter la attained. 

Tho devices of the Invention nay bo of the dry 
powder typo, pressurised aerosol type or contain other 

13 aerosol generators. The devices of the invention are 

portable, pocXat-aiie, battery operated dovicea which nay 
continuously ecconpany patients such as asthmatics who 
say need nedlcatlon at any tine. 

Dm present invention extends the use of electrical 

ao sensing in breath-actuated inhalers beyond sinply 
detecting the presence of sir flow and using that to 
initiate- electromechanical actions. In the device of 
the invention the sensors continuously 800011x0 the air 
flow rate end the control neons utilises the signals 

as derived froa the continuous naasurenent in e number of 
possible ways. Such sensors nay take the fern of flow 
sensors, e.g., those which measure the cooling of fact of 
an alx flow or those which neasure the speed of rotation 
of a turbine in the air stream, ox nay incorporate 

3D pressure differential txansducers, which sensors nay bo 
associated with mechanical, hydraulic, pneumatic (e.g. 
Pi tot tubes) or other linkages to increase their 
sensitivity. The essential characteristic of such 
sensors is that they heva an electrical' output which 

35 varies continuously with flow rate. 

the output froa the sensor, which nay be 
linearised, is fed to either an analogue comparator 
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circuit or to digital electronics, depending upon the 
degree of sophistication of its intended use, which nay 
include the following: 

(A) Osa of eontlnoona flow Bgasureaent ****ar« to 
5 facilitate accurate, calibration of individual 

devices. 

Electromechanical Inhalation detection eansars of 
tho kind already known in the prior art of inhalation 
devices operate ah electrical switch at e preset flow 

10 value determined by the nechanics of the system. 

Haruf ecturing variance in the nechanieal components nay 
result in a substantial dovice-to-dovico variability in 
the flow rate at which the sensors trigger, and, once 
manufactured, no adjustment is generally possible. The 

IS use of continuous measurement sensors in accordance with 
the Invention facilitates the individual calibration of 
inhalation devices, so en su rin g e very snail ceviee-to- 
dovice variation in actual triggering flow rate. Such 
calibration may be es simple as the manual adjustment of 

30 a potentiometer during manufacture, or it nay be a fully 
automated part of the manufacturing process. In the 
latter case, the use of digital electronics is highly 
advantageous, permitting calibration to take the form of 
insertion of an individually determined calibration 

25 factor * Btft memory. 

For example, an inhaler which uses a continuous 
sensing flov-txansducex fox single point detection of 
triggering flow and has the facility for factory 
calibration of the flow sensor output using analogue 

•30 electronics nay have the following arrangement: 

1. the air flow generated by the patient's 
inhalation is detected by the flow-transducer, which 
comprises one of the continuous sensing types described 
herein. The transducer produces a voltage output, Vt, 

35 which depends an the inhalation flow rate. 

2. The flow- transducer output voltage, VT, is 
adjusted by a pro-set calibration potentiometer to give a 
calibrated voltage ou tp ut , Vc. 
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3. The calibrated voltage, Vc. ie fed to an 
analogue voltage comparator and associated logic 
circuitry. The comparator compares the Input voltage, 
5 vc, with a constant referenco voltage. The latter 
voltage is fixed et a level corresponding to the 
calibrated output which would be produced by the flow- 
txs nednosx et the triggering flow xete specified for the 



10 4. If the inhalation flow rate eguale or exceeds 

the specified triggering flow rata, end hence Vc equals 
or exceeds the standard reference voltage, an output is 
obtained from the analogue comparator. This, in turn, 
results in en output from the associated logic elements 

15 which drives the electromechanical actuation mechanis m 
and bo actuate* the aerosol valve, delivering a dose of 
medication to the patient's lungs. 

a production calibration facility for use with eucb 
on inhaler having analogue electronics may he arranged es 

30 follow: 

1. A reference air flow rate Is generated by e 
flow generator consisting of a servo pump. This airflow 
is measured by a reference flow-transducer, which may 
consist of a tteisch pneumotechogreph. 

35 3. The reference airflow is pulled from the 

mouthpiece of the inhaler being calibrated and the 
voltage output from the device's flow-transducer, sealed 
by its calibration potentiometer (Vc), is fed to the 
voltage ccxparator of the calibration facility. 

30 3. The calibrated output vc is compared with the 

voltage output from the reference f low- transducer , Vrt, 
in the corporator of the calibration facility. This 
comparator, with its associated logic, produces e voltage 
output. Vdiff , proportional to the difference between the 

35 two input voltages and thle is fed to a stepper notox 
driver. 
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4. The stepper motor, which ie mechanically 
coupled to the potentiometer in the inhaler under 
calibration, adjusts the potentiometer by en am o unt 
proportional to the output from the comparator (and 
hence, p r o portional to the calibration error). 

5. If e voltage difference (and hence, 
calibration error) continues to be detected by the 
comparator, the calibration facility continues to make 
finer adjustments to the Inhaler's potentiometer setting 
until correc t calibration results in e aero Vdiff. 

an Inhaler which uses a continuous sensing •flow- 
transducer for single point detection of triggering flow 
and incorporates digital electronics and has the facility 
for production calibration of the flow sensor output 
using digital electronics nay have the following 



1. - The air flow generated by the patient' e 
inhalation is detected by the flaw-transducer, which 
comprises one of the continuous sensing types described 
herein. The transducer produces a voltage output, Vt, 
which depends on the Inhalation air flow rate. 

- 2. The voltage Vt is fed to an* analogue to 
digital converter which o utput s a digital representation 
of this analogue input into a digital comparator and 
associated logic elements. 

3. The comparator compares the digital value 
representing Vt with a stored digital value supplied from 
the inhaler's memory. If the farmer value equals or 
exceeds the latter, a suitable drive output is 
generated. The stored digital value represents the 
specified triggering flow rate of the inhaler. 

«. The drive output is fed to the 
electromechanical actuation nechanism, which then 
operates to actuate the aerosol valve, so delivering a 
dose of medication to the patient' a lungs. 

a production calibration facility for use with such 
an inhaler having digital elecxrenica may be erranged as 
follows: 
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I. x reference air fl« rata lo generated by a 
do. generator consisting of a aarvo punp. This air flew 
la measured by tha reference flow-transducer, which nay 
3 consist of a rieisch pri e Trmtarrtc graph. 

a. The reference air flow la pulled from the 
Boutbpieco of tha Inhaler being calibrated and tha 
voltage, Vt, from the inhaler's flew-transducax la fad, 
via an analogue to digital converter to tha 
10 nlcroprot^aor of tha calibration facility. 

j. Tha voltage output frcca tha reference flow- 
transducer la converted to a digital output, whieb lo 
also fed to tha microprocessor. 

«. The ni exoprocaa aox coapares the two input 
15 valoaa and computes the value which would be obtained 
fron tha Inhaler et tna specified triggaring flow rate 
for tha device. 

S. Tha computed value la stored in the inhaler' e 
Boaory f or uaa by ito comparator in dotamining tha 
inhalation triggering point. 

to* ibov« arrangenenta have advantagea over tha 
known prior- art in terns of their potential for greatly 
reducing ctvice-tc-^evice variation in actual triggering 
flow rates by facilitating calibration of individual 
devices. 

Those inhalation sensors of the types disclosed 
which have no fricti anally noving paxta would also have 
the advantage of being much less susceptible to changes 
in uaa due to contanination or wear of surfaces, etc. 
(8) mtfetlon Q * Increasing * la » 
Detactlon of an increasing inhalation flow rate end 
its passage through two precise, pro-determined values 
within a given tine period (Tna*) nay be required before 
fixing of the aerosol io triggered, so ensuring that, if 
the patient falters in their inhalation, the inhaler will 
not be triggered. A variant upon this method of use, 
should it be necessary to initiate tha firing sequence as 
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early in the inhalation as possible, is to initiate the 
sequence as soon as tha lower threshold is detected but 
abort the segusnce if the upper threshold has not been 
reached just prior to actuation of the drug delivery 



an Inhaler which requires the detection of dual 
threshold flow rate values having analogua circuitry nay 
be arranged as follows: 
10 1. A flow- transducer, comprising one of the 

continuous sensing types described herein, detects and 
measures the inhalation flow rate and outputs a voltage, 
Vt, (which depends en the flow rata) which is fed to an 
analogue comparator and appropriate logic circuitry. 
15 i . When the comparator detects that Vt has 

reached, or exceeded, e constant reference voltage, Vri 
(which equals the voltage output which would be produced 
by the flow ■ tremwlnrer at tha lower threshold flow rate), 
(71) , the timer is started, this timer is pre-set to run 
30 f r om a tine T&ax, the naxisua permitted tins far the 
attainment of the upper threshold flow rate value, (F2), 
to -e time tero (1*0) . 

3. If the comparator detects that Vt has reached 
the second constant reference voltage, Vr2 (which equals 
25 the voltage output which would be produced by the flow 

at the upper threshold flow rate, (F2) , before 
ltd, a suitable output is sent to the 
electromechanical actuation module and an *0X' indication 
la provided by .means of a suitable display. 
30 4. If the timer times out (the timer reaches 

zero) before the comparator has detected that vt has 
reached Vr3, no actuation output is produced and a 'FAXL' 
indication is set. 

5. If Vt reechss Vr2 before the timer reaches 
33 tero, resulting in an actuation output, the 

electromechanical actuation module operates and the 
aerosol valve is so fired, delivering medication to the 
patient'e lungs. 
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An inhal er which also operates on the flow detection 
criteria but which employs digital circuitry may bo 
arranged es follow: 
5 i. A flow-transducer, comprising one of the 

continuous sensing types described herein, detects end 
aaasurea the inhalation flow rate and outputs a voltage 
Vt (Which depends on the flow rets) to an analogue to 
digital converter. 
10 2. the digitised value of Vt is then fed to a 

^T^A^creprecesscr coapares the digital value of 
vt with a value, held in memory, which represents the 
lover threshold value (fl) for inhalation flow rate. 

13 men it detects that Vt baa reached this value it begins 
neasuring the elapsed tine before the upper threshold 
flow rate value (77) (also held in eemory) is reached. 
It nay, or oay not, et the point of detection of the 
lower threshold value, output a signal to the 

30 electromechanical actuation module to initiate actuation 
of the aerosol valve. 

4. Tee microprocessor .then monitors vt, looking 
for the attainment of e value not less than that of the 
second value, held in memory, which represents the upper 

25 threshold flow rate (?2) for triggering of the inhaler. 
If this event is detected before the tiner reaches aero, 
the microprocessor sends (or maintains) a suitable 
output to the electromechanical actuation module, 
enabling it to actuate the aerosol valve. 

30 5 ^ if the tiner reaches aero before the second 

threshold Is detected, no output is sent to the actuation 
module (or the output is removed prior to the completion 
of actuation) and the triggering eeguence is aborted. 
Tna arrangement provides a major irnrovemant in 

33 breath-actuation by ensuring that a dose of drug is only 
delivered if the patient inhales steadily. Initiation of 
the breath-actuated triggaring sequence could be set off 



by the detection of tha start of inhalation (using a very 
low first threshold value), but it the patient falters la 
their inhalation and the second higher threshold value is 
not achieved (pessihly within e preset time limit) , the 
firing e egu ence could be aborted without drug release. 
Alternatively , dreg night be released but the patient 
then warned that delivery to the lungs may not have been 
fully effective. 

(C) Detection bi a changing inhalnUpn Qsb rate 
and tha gsa of ita rtumq* fnroi 

If the rate of change Is not within a preset window 
then the actuation sequence is not commenced. 

An inhaler which is triggered a c co r ding to such 
c ontr ol criterion nay be errsnged ee fallow: 

1. A flow-transducer, comprising one of the 
cont i nuo us sensing types described herein, detects and 
measures the inhalation flow rate and outputs a voltage, 
Vt (which depends on the flow rate) to en analogua to 

2. the digitised value of Vt is fed to e- 



3. The microprocessor computes the rate of 
inhalation flow rate change over fairly short (relative 
to the duration of an inhalation) but finite tin 
Intervals and compares this with the limits set for the 
flow rate rasp window (held in memory) . This operation 
is constantly repeated thr ough out the inhalation until 

inh»i« r nag been actuated or the Inhalation has been 
* failed*. 

4. If the flow rate ramp data fall within set 
criteria held in memory, a suitable o utput is provided to 
the electromechanical actuation emit, censing it to 
actuate the aerosol valve and deliver e dose of 
Dedication. An •OS* indication is also eat. 
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3. If the flow rote ramp data falls outside the 
ut criteria, the inhalation U failod as being 
unsuitable for satisfactory deposition of drug in tha 

5 lungs, actuation of tha inhaler ia aborted and a »TOL* 
indication is set. 

This arrangBDant facilitates optimisation of drug 
delivery to tha lungs by ensuring that drug is only 
released if the rata of change of lnhaletloa flov rata 

10 is within the optisun •window'. " the rate of change 
vera outside of the defined limits, the breath-actuation 
sequence would be aborted; alternatively, drug release 
night be peruittad but the patient warned that drug 
delivery would have been sub-optical, this feature would 

15 be of particular value in the case of too repld en 
increase la flow rate, such that the flow rate at the 
tine of actual inhalation of the drug would be so high as 
to result ia a very high degree of injection of drug in 
the upper airways and little penetration of the lower 

30 airways. 

(0) pe iacrton ot irAttUtioa fl nd integrat i on g f-thi 
rr"-^™* *i~ ov«r tin* to dntnraliio tha 
l nh»lad vo lima 
The device ia triggered when a preset inhaled voluna 
25 is reached, providing a nore direct method of ensuring 
that triggering occurs at a preset, ideally early, point 
in the inhalation. Voluna neesureBent could, readily, be 
used in conjunction with dual threshold or reap detection 
to further inprove the degree of control* 
10 an inhaler which is triggered according to such 

. control criterion nay include the following erranganent: 

1. A flow- transducer, ccmpriiiog one of the 
continuous sensing types described herein, detects and 
measures the inhalation flow rate and outputs a voltage, 

35 vt, (which depends on tha flow rate) to an analogue to 
digital converter. 

2. The digitised value of vt ia f ed to a 
aicroprocesBor . 
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3. The niexoprocessor no niton tha inhaled voluna 
by integrating flov rate over tine and conpares this 
voluna with a pro-set value of triggering -volume hel d in 

a. If the inhaled voluna reaches the pro-set 
value (within any pre a e t tine llait also held In 
nenory), a suitable output La provided to' the 
aleetronechanleal actuation unit, enabling it to fire the 

10 aerosol valve, and an ■OK* indication ia sat. 

5. If tha patient should fall to Inhale the pre- 
set volune (within any pre-eet tine linit), the 
inhalation is 'TAILED' as. being unsuitable far 
satisfactory deposition of drug in the lungs, actuation 

15 of the inhaler ia aborted and a •FAIL* indication is set. 

Thie arrangement is advantageous In that it is just 
as important to deliver the drug very early In the 
Inspiration as it is to deliver it at a low Inspiratory 
flov rate. Whilst triggering by Deans of detection of a 

20 lev threshold flow rate night satiafy both the above 
criteria, use of inhaled voluna neasureaente for 
triggering would provide nore certain*, end direct control 
and would aid in optimising perfomance. 

(Z) Teaching aid 

25 In addition to their use in controlling the 

triggering of the inhaler, the iMasnrement nodes ia (B) , 
(C) and (D) could be used to provide a teaching aid for 
the patient. 

Providing a means for the patient to switch off the 
30 triggering circuitry, so that the device functions only 
as a flov sensor, would enable the patient to practice 
with the device, without drug being delivered, in order 
to inprove their inhalation technique. Indication of 
their perfomance could be as slnple as a pair of LSD 
35 indicators. In dicati n g satisfactory or poor technique, or 
could be nore sophisticated with LCD display of actual 
parameters. 
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Oat of the control nodes described, particularly 
those of (B) , (C) and (D) could have substantial benefits 
in patient eduction if used in a training node, as in 
5 (8) • Increased sophistication in inhalation drug 
delivery devices can only achieve its full potential 
benefit to the patient if the patient is able to produce 
e near optima inhalation oanoeuvre en a regular basis; 
there is little point in preventing release of drug when 

10 delivery is predicted to be sub-cptisal if thia results 
in the patient sometimes being unable to obtain a dose at 
all. consequently, provision of a facility for the 
patient to practice using the device, without drug 
delivery but with provision of indication of the 

15 acceptability of his perfomance, would be of 

considerable importance. Along tha sane lines, it nay ba 
desirable to provide the option of allowing drug delivery 
under sub-optinal conditions, but with indication of poor 
caspliance, so that the patient can be guided towards 

30 better technique without suffering the frustration of 
being unable to achieve drug delivery at ell. 

Additionally the flow rate data nay be* stored in the 
device and down-loaded to e printer or c o mputer for 
enalyais and evaluation of patient progress. In a 

2S particularly sophisticated version of such e device, the 
sensor nay be used to neasure respiratory flat rate data 
Including specific expiratory lung function paraseters 
such as: 

PEV 4 (forced expiratory volune in 1 second), 
30 POT (peak expiratory flov rate) , 

PVC (forced vital capacity)! 
and optionally used to control delivery of precise 
(mounts of eeresolised Dedication in response to 
inhalation. 

35 The lung function data recorded could be: 

(1) logged for subsequent downloading onto e 
cocputer/printer for enalyais at a clinic. 



(3) displayed immediately for the patient to 
record on e chart and so nonitor the trend of tha I lln es s 
with a view to changing tha treatment if required, 
5 (3) nanipulated electronically to Indicate 

automatically the need for a change in treatment regimen, 
or to warn the patient to consult e physician, and, 
(«) optionally used to control the amount of 
Dedication to be dispensed. 

10 It will be appreciated that in the case of a 

pressurised aerosol, when the aerosol spray is released, 
there nay be a sudden change in the output signal of the 
sensors, parti cula rly from those sensors which neasure 
cooling effects. The control means may be programmed 

IS with the expected profile of the signal change for 
release of the aerosol spray and compare the actual 
signal change during release of the aerosol spray with 
the expected profile to register tha occurrence of spray 
release and/or indicate this to the patient. The c ontro l 

20 means nay also compensate for the effect of the spray 
release upon tha signal froa the sensor in order to 
ensure accuracy or the* measurement of that air -flow rata. 

The invention will now be described with reference 
25 to the accompanying drawings is which: 

Figures 1, 2 and 3 and 4 Illustrate inhalation 
devices in accordance with the invention, and 

Figures 5,. 6 and 7 represent block diagrams showing 
possible aodes of operation for the inhalation device of 
30 Figures 3 and 4. 

Figure 1 r ep resents a diagram of an i nh a lation 
device in accordance with the invention which compr ises a 
boosing (J) rrmtntninq an aerosol mnlsT o r (4) equipped 
with a catered dose dispensing valve, the valve stem (6) 
35 la securely held in a no X lie block (not shewn) and the 
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valve 10 actuated by downward oovenent of tt» aerosol 
canister. Tha valve la directed to fire nortlr im o n t Into 
chaaber (a) which is in ccanuai cation with mouthpiece 
5 (10) . 

The device is primed for use by low (13) which 
coves spring guide (14) compressing spring (16) against 
the base of the aerosol canister (4). Movement of the 
canister is prevented by blocking member (18). 

10 member (16) it held in position by ctmpressed 

spring (22) such that vben the eolenoid (20) is enorgised 
the blocking seaber will be pushed sideways to allow 
Bovesent of the canister (4) thereby firing the valve. 
When the patient Inhales through tha mouthpiece 

13 (10) an airflow is established frca air inlet (24) 

through the chamber (8) to the Doathpiece, which airflow 
inpiages upon flow sensor (26) . The signal generated by 
the flow sensor (26) is conveyed vie electrical 
contactors (28) to an electronic controller (JO) which 

20 monitors the eignal and actuates solenoid (20) at the 
appropriate tine In the inspiration cycle. The 
electrical circuits are powered by battery (32) . 

The flow sensor (26) say be a heated resistive 
elenent ( 'hot wire aneeoaoter' ) exposed to the alxf low 

25 through tha device. Tha fall la resistance caused by the 
cooling action of the inspiratory airflow Is preferably 
osed to create an electrical output signal by means of a 
Wheats tens bridge electrical circuit arrangeaent ox 
siailar. The output signal nay be used to trigger 

30 Bedicaeent released and/or record inspiration data as 
discussed above. 

In a variation of this eabodlnent (not shown) , 
ahieldlng neana are provided to effect different degrees 
of cooling depending en the direction of the airflow, 
35 thereby differentiating between inhalation and 
expiration. 



PCT/CB91/01K8 



An alternative embodiment utilises the flow i 
(26) In the fore of a heated seal conductor Junction or 
themlstor whose Impedance Is tenperature dependent and 
S thus responsive to cooling by an airflow through tha 

device. This type of sensor has the advantage over a hot 
wire aneBOsster of Increased sensitivity. In addition, 
such devices nay have particularly low frWml cess. 

In a further enbodlsent the flow sensor (26) Is In 

10 the forn of a thermocouple (junction of dlsalnllar 

oetala) the voltage output of which, being related to its 
tenperature, nay be used to provide a caesura of the air 
flow rate in a siailar aanner to the tenperature sensor 
disclosed for the above eabodinents. The other junction 

15 of the seae two diasinilar Betels (cansonly celled the * 
■cold junction") would do located in a region of the 
device likely to be stable in tenperature over the likely 
tine period for which airflow is to be oeasured. 

Xn a further embodiment flow eensor (26) coaprlsea 

20 a pyroolectrie crystal eater ial which is heated by a 
coll, the crystal being cooled by tha airflow thereby 
' codulating the electrical signal generated. The 
electrical signal nay be used for triggering the device, 
calibration, data generation and storage etc., as 

25 described above. 

Referring to Figure 2 like parts to tha device 
illustrated in Figure l are designated with 
numerals. The device dispenses dry powder which Is 
Introduced Into the chanber (8) In a capsule (24) via - 

20 inlet (24) , tha capsule being ruptured or split by spike 
(26) . m use, the flow sensor (26) detects patient 
inspiration and the contro l means (30) actuates vibrator 
solenoid (38) at the appropriate tine Yhich vibrates the 
capsule (34) releasing powder into the airflow. Screen 

35 (40) prevents capsule fragments from reaching the 
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Id one esbodlaent of the invention the continuous 
flow sensing takes the forn of a differential pressure 
transducer (for example of the type disclosed in 0.8. 
patent Ho. 4,988,953), which measures the pressure drop 
between two regions of en Inhaler when e patient breathes 
th r o u gh the nootbpiece. 

Figure 1 shows en inhaler of the Invention which has 
been nade by adapting an inhaler commercially available 
from Minnesota Mining end Manufacturing Company under the 
registered trade mark »^p"*.th MTTCHXLEB (100) in several 
vaya. Firstly, the air Intake openings usually in the 
bottom of the mouthpiece (101) have been sealed up? 
secondly, the vane (107) has been nodified to renove a 
su bst antial portion of tha vane such that the blocking 
action of the mechanlsn is retained but the vane will not 
pivot under the influence of inhalation alone, and 
thirdly, three holes have been made la the plastic case 
(102) forcing, the main body. A first bole (103) la 
towards the top of the aerosol can (104) end a second 
hole (105) is towards tha bottoa of the aerosol can 
(104): Both of these boles (103, 105) lie on the centre 
line of the inhaler as viewed frca the rear and are 
separated by approximately 15mn. 

A third hole (106) is towards the bottom of the 
device, level with the middle of, or towards the bottom 
of, the vane. This hole is off -eat frca the centre line 
slightly to the right, as viewed froa the rear of the 
device, so as to align with the remaining portion of the 



The renaining parts within the Aerolio Anteheler 
shown In the Figure 3 all perform as in a standard 
Aerolln Autcbaler inhaler attached to e housing or 
mounting (108). which could be made of aluminium. The 
housing night preferably have a concave mating surface 
(109) of the appropriate radius of curvatnre to form a 
receptacle for the convex shape of the body (102). 



The h ousi ng Is provided with two through ch a nn els 
(HO, 111) which align with the holes (103, 105 
respectively) in the body (102) . The junction between 
the concave surface (109) of the housing (108) end the 
convex surface of the body (102) Is such that eir passing 
through the hole (103) must travel along channel (110) 
end air passing through hole (104) must travel along 
channel (HI). This may be achieved using e seal ing 
layer (1X2) of some suitable material. 

At the ends of each channel (110, 111) Is inserted a 
nipple (127, 126 respectively) onto which a length of 
flexible tubing (129, 130 respectively) is pushed, making 
an air tight seal . The two lengths of tubing are ' 
connected to the two ports of a differential pressure 
transducer (132) capable of measuring the pressure drop 
between the two holes (103, 103) in the body (102) when 
air flows pest then. 

Mounted. to the underside of the housing (108) is e 
solenoid (1X3) attached by means of a bracket (114) and 
secured by screws (115, 116, 1X7). The solenoid consists 
of a plunger (118), coaxial Inside a- core <119) both 
having circular cross -section. 

The plunger is held against a bracket (120) by e 
x b Uuii spring (121), when the solenoid is In the normal 
(nen^energlsed) condition. The bracket is attached to 
the solenoid housing (122) by s nut and bolt (133) . The 
bracket (120) constrains the plunger (1X8) Inside the 
core (1X9). 

• The plunger consists of a part (124) with a diameter 
nearly equal to the Internal diameter of the care, which 
Is preferably nade of iron or some other strongly 
nagmetlc naterial, end a parr, with a smaller diameter 
(125) which is the actuator.. The actuator may or may mot 
bo made froa tha same material as the larger part (124) 
of the plunger, but where it is the same naterial they 
are preferably nade es o 



WO 92/07599 POVGBM/MBW 
23 

The return spring (ill) bears «t «*• against the 
solenoid bousing (122) and at it* othor end against the 
end Plata (126) attached to or forming part of tbe 

5 plungox. Tb» plunger itself la constrained by tbe 
bracket (120). • 

The core of tha solenoid (124) consists of a large 
number of tarns of e single wire, each tarn electrically 
Insulated from the others except along the length of the 

10 wire. As shown the wire is wound in three layers bat the 
actual innsber could be one or more than one. The former 
onto vhleh tbe wire is wound (not shown) , is normally 
node froa an insulating notorial e.g. plastic. Bsch and 
or the wiro is connected to an electrical circuit (not 

13 shown). X capacitor (131) U preferably used to energiee 
the solenoid (113), and is in electrical eomaunlcatloa 
with a battery (134), and the electronics circuit board 
(135). For clarity tha electrical connections between 
the various caapomente ere not shown. 

20 Figure 4 shows tha outside of the case (131) of 

figure 3. Mounted on the case are an LCD display (136), 
s pushbutton switch (137), two LCD's (13B, 139) and a 
o ingle- turn potentloneter (140) . 

To use the inhaler the patient first shakes the 

23 device to nix the contents of the can and then lifts the 
lever (141) to prime the inhaler in the usual way. Thus 
a gap (147) la revealed in tba top of the inhaler. This 
serves a* an air intake for the purposes of the 
invention. 

30 saving prised the device the patient then pushes tba 

• oh* button (137) to activate the electronics, and the 
capacitor (133) begins to charge froa the battery (134). 
Hhen the capacitor reaches a pre-determined state of 
charge, or after e pre-deternlned tine'deley, a lamp or 

35 LED (138) illuminates to Indicate that tha device is 
ready. This 'READI' light (138) is preferably green In 
colour. 



WO 91/07599 PCT/CB9I/0IS&I 
24 

As soon as the 'BBAOY' light (138) illuminates, e 
first tisar (not shown) on the circuit board (135) begins 
to count down froa a pre-deternlned value e.g. 10 seconds 
3 defining the 'ready period'. This is the period during 
which the patient oust breatb -activate tha device. 

At the sans tine e second tiner also starts to count 
down, froa a longer tine e.g. 20 seconds to define an 
'active period'. At the end of the 'active period' the 
10 inhaler powers down. 

Hhen a patient inhales through tha nouthpiece (101) , 
a flow of air is created such that air enters the device 
through the gap (142) at tha top of the inhaler and 
finds a path around the periphery of the can (104) into 
IS the bottom region of the Inhaler, where it is free to 
pass around tbe codified vane (10?) and out of the 
mouthpiece (101). Unlike in e conventional Aarolin 
Astohaler inhaler, tbe wane (107) in tbe invention does 
not lift in tbe presence of a air flow. 
10 It has been found that the pressure difference 

created between tbe two Honouring positions (103, 105) in 
the presence of- en air flow froa inlet to* nouthpiece, 
varies continuously with the flow rate through the 
nouthpiece (101), In a generally linear fashion between 
25 20 and 100 1/ain. 

If, as a result of tbe patient inhaling through the 
aouthpiece, tha pressure difference (and therefore the 
flow rate) reaches a pre-dete rn l n ed level during the 
'ready period', tha capacitor (133) is discharged through 
30 the coll of the solenoid (119), firing the can to release 
medicament, the pressure difference, or trigger level is 
adjustable via the single turn potentiometer (140) . 

Hhen the solenoid is energised by the capacitor 
(133) a magnetic field is rapidly created, by solenoidal 
35 action, which attracts the large part of the plunger 

(124) causing it to novo against the action of the return 



spring (121), which it easily < 
actuator (125) is made to push on the rear of the wane 
(107) causing It to pivot upwards. As the vane pivots 
5 upwards the mechanism operates as it would for a 
conventional 'Aexolin' 'Antohaler' inhaler and the 
medication is dispensed into the airstrean in the usual 



If the trigger level le not i 

10 first tiner has finished counting down, i.e., during the 
•ready period* either because the patient has not inhaled 
or because they have failed to reach the required flow 
rata, then the lanp or LED (139) 1 11 t in t nstas to Indicate 
that the patient has failed to breath-activate the 

13 device. Tbe 'fall' LED (139) Is preferably red la 



If the patient succeeds in breath-activating the 
device during the 'ready period', the medicament 1* 
dispensed as previously described. At tha end of the 
20 'ready period', the lamp or 1£D (138) ia extinguished and 
tha LCD turned on to display the naxinua flow rote 
achieved prior to actuation, i.e.. the triggering .flow 
rate. This is displayed until the end of the 'active 
period' when the second timer has finished counting down. 
25 At tha end of the 'ectivo period' tne inhaler powers down 
until the next operation of tha »OT* button (137). 

If the patient fails to breath-activate the device 
during the 'ready period' the 'tall' light (139) 
illuminates. At the end of the 'ready period' the ready 
30 lamp or LED (138) is extinguished and the LCD (136) is 
turned on, but instead of showing the triggering flow 
rate it displays the maxinua flow rate achieved during 
the 'ready period'. The device powers down at the cat of 
the 'active period' as previously described. 
33 The lever (141) oust then be lowered by the patient 

to reset the mechanisn of tbe Inhaler ready for priming 
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Tests with such a device have 
demonstrated that a consistent triggering flov rate can 
be achieved at whatever potentiometer setting is chosen, 
figure 5 Is e block diagram of en inhaler circuit 



electronics to enable the triggering flow rate of tbe 
inhaler to be adjusted. 

Tbe push button operates an electrical "an" switch 
(251) which connects the battery (250) to the rest of the 
circuit via e voltage converter (252) and starts an 
initialisation timer (253). 

The voltage conv erter (252) converts and regulates 
the 9V d.c. battery to produce 47.57 and -7.5V (nominal) 
on its o utpu t rails, these power rails supply all of the 
remaining electronic components except tbe solenoid 
driver (255) which has s separate power line. 

Whilst the initialisation timer Is counting down the 
solenoid driver (235) , in the farm of e capacitor. Is 
charging up. 

Hhen the initialisation timer has reached zero 
(timed out), two further tiner* (234, 2563 ere started. 

wn froa 20 seconds (254) and one from 10 
(256) . At the same time tha peak hold circuit 
(265) U reset and the ready logic (259) Illuminates the 
ready indicator lamp (260) to tell the patient that the 
Inhaler is ready to deliver aedicaaent. 

Any flow through the mouthpiece is detected by the 
pressure transducer (262) which is turned on as soon as 
the inhaler powers up. The pressure tra nsduc er produces 
an o utpu t signal which, whan applied to a scaling circuit 
(263), results in an output voltage proportional to the 
flow rate through the device. 

The scaled output voltage la applied to one side of 
comparator (264) and the ether side of tha comparator is 
co nne c t ed to a reference voltage. The reference voltage 
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is adjusted by the set triggering lovol potentiometer 
(140) on the ootsido of tho cab*. The potentiometer can 
b« adjusted to s voltage which corresponds with the 
S output voltage froa the pressure transducer (after 
scaling) at a given flow rate* 

the output froa the eceling circuit is also applied 
to the peak bold circuit (263) which updates each tine 
the input voltage exceeds the previous highest input 

10 voltage, until a signal appears on its hold input. 
The output of the comparator, which changes 
according to which of the input voltages is the higher, 
is applied to the pass/fail logic (237) . 

If the pass/fall logic (257) detects a change In the 

IS comparator signal to indicate that the set triggering 
level has been exceeded end the 10 second ti&er (256) has 
not finished counting down to indicate the end of the 
ready period, than a signal is sent to the solenoid 
driver (23S) to fire the aerosol. At the sane tine a 

20 olgnal is applied to the hold input on the peak hold 
circuit to capture the flow rate at which the device is 
triggered. 

«ben the 10 second timer (255) has finished counting 
down, the ready circuit (259) is reset and the ready 

25 indicator lanp (260) goes out. If the pass/fail logic 
has not received e signal from the coaparator before the 
10 second tiner (256) baa counted down, the fell 
indicator lesp (250) is illuminated. At the ease tine 
the LO (116) is turned on to display tho contents of the 

30 peak hold circuit. 

If the pass/fail logic indicates a fail situation, 
the display shows the peak level of flow attained during 
the reedy period. However, if the device was breath- 
activated during the reedy' period, the peak held circuit 

25 contains the value which was held ef the instant the 

solenoid was actuated and the display therefore shows the 
triggering flow rate. 
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When the 20 second tiner (234) reaches zero the 
' electrical "on" switch is reset end the inhaler powers 
down. 

5 Figure 6 Is a block diagrsa of an inhaler which uses 

e continuous flow sensor and analogue electronics to 
nonitoT flow rate et different tines during respiration 
and activate a pressurised aerosol container. 

The push button operates en electrical "on" switch 
10 (268) which connects the battery (267) to the rest of the 
circuit via a voltage converter (269) and starts an 
initialisation tiner (270). 

The voltage converter (269) converts and regulates 
the 9V d.c. battery to produce +7.5V and -7.5V (nominal) 
15 on its output rails. These power rails supply all of the 
remaining electronic components except the solenoid 
driver which has a separate power line. 

whilst the initialisation tiner (270) is counting 
down the solenoid driver (272) , in tho f on of n 
20 capacitor, is charging up. 

When the initialisation tiner (270) has reached tero 
(timed out), twa -further timers (271, 271). are started, 
one counts down froa 20 eocond a (271) and one from 10 
seconds (272) . At the sane tine, the peak detect circuit 
25 (310) Is reset end the ready logic (276) ni m u,f. n the 
ready indicator leap (276) to tell the patient that the 
inhaler is ready to deliver medicament. 

Any flow through the mouthpiece is detected by the 
pressure transducer (280) which is turned on as soon as 
30 the inhaler powers up. The pressure transducer (280) 
produces en output signal which, when applied to a 
scaling circuit (281) , results in an output voltage 
proportional to the flow rate through the device. 
The scaled o utput voltage is applied to two 
35 comparators (279, 282) and a peak detect circuit (310). 
One comparator (279) has a reference voltage applied to 
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it corresponding to the scaled output from the pressure 
transducer et a flow rate of 30 1/nin (V ref 1) and the 
second comparator (282) has a reference voltage applied 

it corresponding to the scaled output from the 
pressure transducer et e flow of SO 1/nin (V pzp2) . 

If the output from the 30 l/nin comparator (270) 
changes, Indicating that a flow rate of 30 i/uln has been 
achieved, e signal is sent to the counter with hold 
(277), which starts to count. A voltage signal 
corresponding to the elapsed time indicated by the 
counter is constantly applied to the pass/fail logic 
(274). 

If the pass/fail logic (274) detects e change in the 
voltage froa the 50 x/nXn comparator, indicating that a 
flow rate of 50 1/nin has been achieved, it fherkn its 
remaining inputs. Providing that the 10 second timer 
(273) has not reached zero end the elapsed time indicated 
by the counter (277) lies in the range 0.1 to 0.5 
seconds, e signal will be sent to the solenoid driver 
(272) to fire the eerosol, et the ease tine baiting the 



If the 10 second timer (273) reaches xoro or the 
counter (277) roaches 0.5 seconds the pess/fail logic 
(274) registers a foil. Similarly if the counter (277) 
falls to reach 0.1 seconds or the 50 1/nin comparator 
(282) never changes its output, a fell le registered. In 
the case of a tail, the fail indicator lamp (275) is 
illuminated. 

When the 10 second tiner (273) reaches zero the 
ready logic (276) is reset and the ready light (278) is 
extinguished. At the same time the display logic (283) 
turns on th» LCD (lis) and gets a signal from the 
pass/fail logic (274) to indicate success or failure. In 
the case of a pass the display logic (283) gsta a value 
from the counter (277) and the LCD (US) shows the time 



between achieving a flow rate of 30 1/ain and the device 
triggering, at a flow rate of SO 1/nin . in the case of a 
fail the display logic (283) gets a value from the peak 
detect circuit (310) and the LCD (136) shows the 
flow rate attained during the ready period. 

When the 20 second timer (271) 
electrical "on" switch is reset and 1 



Figure 7 is e block diagram of an inhaler that uses 
e continuous flow sensor and analogue electronics to 
monitor the respired volume during respiration and 
activate a pressurised aerosol container. 

The push button operates an electrical on switch 
(285) which connects the battery (284) to the rest of the 
circuit via a voltage converter (286) end starts an 
initialisation tiner (287) . 

The voltage converter (286) converts and regulates 
the 9V d.c. battery to pr odu ce e +7.5V end -7.5V 
(nominal) on its o utput rails. These power rails supply 
ell of the remaining electronic cm iponsnt a except the 
solenoid driver (289) which has a eeparate power line. 

Whilst the initialisation timer (287) is counting 
down the solenoid driver (289) in the form of a 
capacitor, is charging up. 

When the initialisation timer (287) has reached zero 
(timed out), two further timers (288, 290) are started, 
one (288) counts down from 20 seconds and one (290) froa 
10 seconds. At the sans tine the integrator (299) is 
reset and the reedy logic (293) illuminates the ready 
indicator lamp (294) to tell the patient that the inhaler 
la ready to deliver medicament. 

Any flow through the aoothpiece is detected by the 
pressure transducer (297) which is turned on es soon es 
l The pressure transducer (297) 
signal which, when applied to e 
scaling circuit (298) results in an output voltege 
p r opor t ional to the flow rate through the device. 



FCI7CB9I/0188* 



The scaled output voltsge is applied to the 
Integrator (2M) and a seaplo and hold circuit (296). 
TtQ sanple and hold circuit (398) updates continually 
3 until It receives a signal on its bold line, at vhich 
tins it stops updating and holds the voltage froa the 
scaling circuit. 

me output frca the scaling circuit (299) is applied 
to the integrator (299) where it is sunned over tine, to 
10 produce an analogue voltage signal representative of the 
total voluae of air flawing through the device. The 
integrated signal is applied to the comparator (293) 
vharo it is ceapared to a reference voltage Vrof . The 
reference voltage is fixed at a level corresponding to 
13 the output that would be produced by the integrator after 
a flov voluae of 0.2 litre. 

The output frca the coaparator (293) changes state 
when the output frca the integrator exceeds Vrof. this 
occurs vhen a voluae of 0.2 litres has been Measured, at 
20 the asaa tlae a signal is seat to the oasple and hold 

circuit (296-) , vhich captures the signal f ron the scaling 
circuit (298) at the instant the 0.3 litres level is 
exceeded. The pass/fail logic (391) detects the change 
In the coaparator output and providing the 10 second 
23 tiaer (290) has not tiaed out, it sends a signal to the 
solenoid driver (289) to fire the aerosol. 

If the paas/fail logic (291) does not detect a 
ehangs in the coaparator output before the 10 second 
tiner has tined out, the fail Indicator leap (292) is 
30 illuainated to register a fail. 

Aen the 10 second tinar (290) reach o» tero, the 
randy logic (293) is reset and the ready indicator leap 
(294) la extinguished. At the sane tine the display 
logic (301) turns on the LCD (136) and gats a signal froa 
35 the pass/fail logic (291) to indicate success or failure. 
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If the signal froa the pass/fail logic (291) 
Indicates a pass, then the display logic (301) gets s 
signal froa the saaple and hold circuit (298) 
3 corresponding to the flow rate attained at the instant 
the 0.2 litres voluae level was exceeded. If the logic 
Indicates a fall then the display logic (301) guts a. 
value froa the integrator (299) vhich will be the total 
inhaled voluae during the ready period. 
30 m eithe r case the value is displayed on the LCD 

(136) until the 20 second tiaer (288) has counted down, 
at which tine the electrical "an* switch is reset and the 



Figures 5, 6 end 7 are block diagrass showing 
IS possible nodes of operation of the device of Figures 3 
end 4. Sbilst each node of operation ie shown 
separately, it will be appreciated that aany of the 
coaponeata are consign and the device nay include a 
fflnnlnnMnn of the circuits with suitable switching aou 
20 to select the desired node of i 



1. k portable, battery operated, inhalation device for 
S edalniatration of Bedicaaent in the fore of eerosolised 
fine particles or droplets of liquid or suspension to the 
respiratory systea of a patient, the device coaprislng a 
bousing defining a chaaber in coaBuaication with a 
patient port in the for* of a aouthpiece or nasal 

10 adaptor, aedicaaest aerosol isatlen neons for faming an 
aerosol of aedicaaent In the chaaber, control aeons to 
actuate the cedlcanent aerosolisatlon seans and a sensor 
which aeasures the air flow rate during respiration 
through the patient port aad provides an electrical 

13 signal to the control Beans which varies continuously 

with said flow rate, said electrical signal being used by 
the control neana for one or no re of the following 



(i) to calibrate the device such that the 
,0 aedicaaest aerosolisation aeons is actuated et a precise, 
pre^eteralned flow rate, 

(ii) to coal tor one- or sore of the following 



(a) flow rate at different tines during 
25 respiration, 

(b) rate of change of flow rate during 



(c) respired vol una during respiration, 
and activate the aerosolisation neana when a pre- 
30 deternlned inspiration paraaatar is attained. 

2. a device as clained in Clain 1 which coaprises a 
pressurised aerosol container. 

3. A device as claiaed in Clain 1 which comprises as, 
for introducing dry powder into the cbsnber. 

15 4. A device as clained in any preceding Clain vhich 
additionally coanrlsca calibration seans such that the 
cedicaosnt aerosolisation aeons can be adjusted to 
activate at a precise, pre-detaraincd flow rate. 
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5. A device as clained in any preceding dels in which 
the contr ol neons aonitorv the flow »^«y«r at different 
tines during Inhalation and activates the nedlcancnt 
5 aerosolisation neons when two pro-detareiiwtd flow rates 
ore achieved within a pre-deternlned tine period. 
*- * device as claiaed in any one of Claims l to S in 
which the control neons monitors the rate of change of 
Inhala tion flow rate and actuates the aedicaaent 
aerosolisation neana at a pre-deterained value or within 
a pre-deternlned range of values. 

7. A device as claiaed in any one of Claias 1 to 5 in 
which the control Beans aoaitors the inhaled voluae and 
activates the Bedicanent aerosolisation Beano when a pre- 
deternlned volune is reached. 

8. A device as clained in any preceding clain in which 
the control neons cenprises neana for storing end 
optionally displaying inf amotion generated froa the 



20 9. A device es clained in any pr eced i n g Clain in whi ch 
the control Deans is associated with neana to display or 
' record for future analysis'!* paranoter relating to 

inspiration or expiration through the patient port, which 
paraaater is generated froa the electrical algnal froa 

25 the sensor. 

10. A device as clained in clain l in which the sensor 
coBprisea e hot wire aneaonster, a thamistor, a heated 
seniconductor junction, a thercoconple, a hrnfrt 
pyroeleetrlc crystal naterlal, or a pressure differential 

30 transducer. 

13. A device os clained In Clain 2 in which the control 
aeons In able to cccpara the sudden change in the output 
signal of the sensor in response to the release of the 
aerosol spray to an expected profile of elgnal change for 

35 release of said spray, and when such control Beans is 
osed to either: 
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(«) relator the occurrences of spray release 
may or indicate tM» to the patient, 
and/ or 

9 (b) ccspansate for the affect, of said sadden 

change upon tha aeasuresant of tha air flow rata. 
12. A davico as fining in any preceding clalo vhlch 
additionally cnaprlsca scans to deactivate that part of 
tha control aaana actuating the oedlcaaent Barosollsatian 
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